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(m) Passive hydraulic vacuum breaker. 



@ The present invention is directed to a nudear 
reactor facility wherein a nudear reactor press- 
ure vessel (RPV) is housed within an annular 
sealed drywell (14), an annular sealed wetwell 
(18) houses said drywell, a pressure suppres- 
sion pool (28) of liquid is disposed in said 
wetwel) and is connected to said drywell by 
submerged vents (30a. 30b. 30c), a condenser 
line connects said drywell (14) to an isolation 
condenser, and a bleedline (42) from said iso- 
lation condenser is connected to said pool and 
terminates under the surface of said pool. The 
improvement of the present invention conv 
prises a liquid reservoir (60) disposed in said 
drywell (14) and a stand pipe (64) disposed in 
said wetwell (1 8). The reservoir arxJ the 
standpipe are connected by a duct (66) which is 
located below the surface of said reservoir a 
distance, D. The area of the reservoir is at least 
25 times larger than the area of said standpipe. 
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Background of the Invention 

The pr sent invention relates to nuclear boiling 
water reactors (BWRs) and more particulariy to con- 
tainment utilizing lateral vents. s 

With respect to safety aspects of BWRs, the most 
serious credible reactor accident is in general con- 
ceived as a rupture of the reactor pressure vessel 
(RPV) or of a major coolant line connected to the ves- 
sel. Such an occunrence is known as a loss of coolant io 
accident (LOCA). To prevent the release of toxic pro- 
ducts resulting from such an accident, the RPV is 
placed within a series of containment structures. 
BWRs have a primary and a secondary containment 
structure. The primary containment vessel consists of 15 
a drywell and a wetwell. In a majority of BWRs operat- 
ing in the 1 970's. the drywell is a steel pressure vessel 
shaped like an electrical light bulb. It is designed for 
a pressure of 350 kPa(g) and is tested above 420 
kPa(g). The steel vessel is enclosed in a thick, rein- 20 
forced concrete structure which provides the 
mechanical strength and also serves as a radiation 
seal. The drywell contains the reactor and the coolant 
recirculation pumps. The secondary containment ves- 
sel or shield building commonly is a rectangular struc- 25 
ture of reinforced concrete about 1.0 m thick. 

In more recent BWRs, the drywell is a concrete 
cylinder with a domed top. The wetwell is an annular 
chamber in which the water is retained by an interior 
rear wall and by the steel cylinder that is the primary 30 
containment structure.- Connection between the 
drywell and the wetwell is provided by a number of 
horizontal cylindrical vents in the lower part of the 
drywell wall. A reinforced concrete shield building 
constitutes the secondary containment 35 

During a LOCA, the steam released by the flash- 
ing of the coolant water would be forced into the water 
of the wetwell and be condensed, thereby lowering 
the temperature and pressure of the drywell atmos- 
phere. Hence, the wetwell commonly is referred to as 40 
the pressure suppressran pool. 

The development of vertical layer lateral vents for 
the pressure suppressksn pool is disclosed in U.S. 
Pat. No. 3,115,450. Such lateral vent concept allows 
a gradual increase in the air clearing load to the press- 45 
ure suppression pool. In a BWR currently under 
design known as the 'simplified boiling water reactor", 
and possibly larger BWRs with passive features, 
there will be an advantage in using the heat sink 
offered by the several millions of kilograms of water 50 
comprising the suppression pool for the long term 
cooling f the containment In the SWBR, long term 
heat removal is assured by the isolation condensers, 
but they require some bleeding to the pressure sup- 
pression pool to remove non-condensabi gases that 55 
can otherwise accumulate in the isolation conden- 
sers, reducing their heat transfer capabilities. The out- 
let of this bleedline must be less submerged in the 



pressure suppression pool than the elevation of the 
uppermost horizontal vent on the drywell side of the 
drywell-wetwell boundary. This feature allows the 
pressure difference between the drywell and wetwell 
to drive any steam plus non-condensible mixture 
through the isolation condensers and to drive any 
residual steam vapor plus non-condensibles down- 
stream into the wetwell. The pressure in the drywell of 
the BWR containment may become sut>-atmospheric 
when cold water is injected into the RPV and the RPV 
overflows or the water spills out through the break. 
The containment liner, usually made of thin steel 
plates welded together and anchored to the contain- 
ment wall, will not withstand negative pressures and 
will fail. Conventionally, a vacuum breaker is installed 
between the wetwell and the drywell which consists of 
a check valve which opens at a predetermined press- 
ure differential, e.g. 4 kPa. However, there is a poten- 
tial danger that this check valve will stay open. The 
envisaged design of the isolation condenser of the 
SBWR is dependent upon a higher pressure in the 
drywell than in the wetwell in order for non-condens- 
ibles to be transported by the bleedline to the wetwell: 
There is no pressure differential between the drywell 
and the wetwell with a vacuum breaker valve stuck in 
an open position. Also, there is no head between the 
isolatran condenser and the wetwell, and correspond- 
ingly, no transport of non-condensibles to the wetwell. 
Gas blanketing of the isolation condenser cannot be 
excluded, as the non-condensibles accumulate in the 
isolation condenser. This will result in insufficient heat 
removal with consequent possible failure of the con- 
tainment 

Broad Statement of the Invention 

The present invention is directed to a nuclear 
reactor facility wherein a nuclear reactor pressure 
vessel (RPV) is housed within an annular sealed 
drywell. an annular sealed wetwell houses said 
drywell, a pressure suppression pool of liquid is dis- 
posed in said wetwell and is connected to said drywell 
by submerged vents, a condenser line connects said 
drywell to an isolation condenser, and a bleedline 
from said isolation condenser is connected to said 
pool and terminates under the surface of said pool. 
The improvement of the present invention comprises 
a liquid reservoir disposed in sakJ drywell and a 
standpipe disposed in said wetwell. The reservoir and 
the standpipe are connected by a duct which is 
located below the surface of said reservoir a distance, 
D. The area of the reservoir is at least 25 times larger 
than the area of said standpipe. 

Advantages of the present invention include a 
hydraulic vacuum breaker that fulfills the functions of 
conventional mechanical vacuum breakers. Another 
advantage is a hydraulic vacuum breaker that oper- 
ates in a passiv manner, i.e. has no moving parts to 
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fail. A further advantage is a hydraulic vacuum 
breaker that is amenable for installation within th 
design parameters of nuclear r actors, especially . 
These and other advantag s will be readily apparent 
to those skilled in the art based on the disclosure con- 
tained herein. 

Brief Description of the Drawings 

Fig. 1 is a simplified cross-sectional elevational 
view of a reactor building showing the nuclear 
reactor vessel and associated containment; 
Fig. 2 is a simplified schematic showing the steam 
mixture pathway during blowdown; and 
Figs. 3-5 are exploded views of the 
drywellMetwell interface connected by the inven- 
tive passive hydraulic vacuum breaker during 
three different modes of operation. 
The drawings will be described in detail below. 

Detailed Description of the invention 

Referring initially to Fig. 1 , reactor 1 0 can be seen 
to be housed within reactor shield wall 12. In turn, 
such assembly is located in drywell 14 which is for- 
med by drywell wall 16. Annular drywell 14. in turn, is 
housed within annular wetwell 18 which is defined by 
containment 20. Shield building 22 completes the 
reactor building. Disposed overhead is upper pool 24 
which, in turn, is surmounted by containment space 
26 formed in the dome of shield building 22. Annular 
pressure suppression pool 28 is contained within wet- 
well 18 and con nets drywell 14 and wetwell 18 via ver- 
tically-stacked, laterally-opening submerged vents, 
e.g. vents 30a-30c. 

With respect to implementation of the vertical 
layered lateral vent arrangement set forth at Fig. 1 , 
reference is made to Fig. 2. Reactor vessel 10 is seen 
to be housed within drywell 14 which is in communi- 
cation with isolation condenser 32 via line 34. Steam 
and non-condensible mixture can flow in the direction 
of arrow 36 via line 34 into isolation condenser 32 that 
is disposed within upper pool 24. Steam can be 
exhausted via vent 38. Condensate is returned from 
isolation condenser 32 to vessel 1 0 via line 40. Bleed 
line 42 runs from isolation condenser 32 to pressure 
suppression pool 28 with its end submerged below 
surface 44 of pool 28, but above the level of upper 
vent 30a. 

In a postulated large LOCA, steam will be 
released from reactor vessel 10 and this will increase 
the pressure in drywell 14. This pressure will, after a 
short time period, become so great that uppermost 
vent 30a will clear and steam will be injected into pool 
28 housed in wetwell 16. Such steam mbcture will mix 
with the water in pool 28 and lift the water up before 
being condensed. A short while later, the second vent 
clears and the process is r peated. Finally, the third 



vent clears. The staggered clearing will prevent the 
occurr nee of a water hamm r phenomenon with 
attendant possible damage to pr ssure suppression 
pool 28. 

5 After depressurization of vessel 10, cold water 

will be injected into the vessel and after a longer 
period of time, this water will commence to boil. In pre- 
sently designed SBWRs, steam emanating from ves- 
sel 10 will be condensed by isolation condenser 32 

10 and the condensate returned to vessel 10 via line 40. 
As the vessel is assumed to be in open contact with 
drywell 14. it is p>ossible that non-condensibles will 
flow with the steam to isolation condenser 32 and 
eventually accumulate there. The heat transfer of 

15 condenser 32 is reduced greatly in the presence of 
non-condensibles. In order to avoid significant 
deterioration of condenser 32. bleedline 42 runs to 
pool 28. A small fraction of steam also will be trans- 
ported to suppression f>ool 28 with the non-condens- 

20 ibies and this steam will condense and heat up the 
layer of water above end 46 of line 42. The h at 
capacity of this layer of water is finite and the pressure 
in wetwell 18 above pool 28 will be given by the 
amount of non-condensibles in the space and the par- 

25 tial pressure of steam corresponding to the temp ra- 
ture of the uppermost water layer in pool 28. 

Referring to Figs. 3-5, the inventive hydraulic 
vacuum breaker is shown in three different possible 
conditions. Referring to Fig. 3 initially, liquid reservoir 

30 60 is seen to be located in drywell 14. Stand pipe 62 
optionally can be used to insure that the liquid in 
reservoir 60 does notaccidentally leak into drywell 14. 
Standpipe 64 is disposed in wetwell 18 and is connec- 
ted to resen/oir 60 via vent 66. The static head of 

35 reservoir 60 is determined by the distance. D. of the 
duct located below the surface of reservoir 60. The 
condition depicted at Fig. 3 is a normal operating con- 
dition of the nuclear reactor facility. 

Referring to Fig. 4. the hydraulic vacuum breaker 

40 during blowdown is depicted. During blowdown, the 
pressure in drywell 14 is expected to increase to an 
extent that the liquid in reservoir 60 is displaced down- 
wardly at least a distance D. The water level will rise 
in standpipe 64 during the blowdown phase aft_ r an 

45 accident has happened. No bypass vyill occur, pro- 
vided the pressure differential between the drywell 
and the wetwell does not exceed the static head in 
standpipe 64. For a relatively short period in the initial 
phase of the blowdown. the pressure differential may 

50 exceed this head due the accelerated pressure drop 
and the pressure drop across the penetration. There- 
after, the water will flow back from standpipe 64 to 
reservoir 60. 

Refening to Fig. 5. an "open* condition is shown. 

55 In this condition, air will flow from wetwell 18 to drywell 
14 after reversal of the pressure differential therebet- 
ween and when this differential has exceeded the sta- 
tic head, D. Thus, the vacuum in drywell 14 will be 
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rnmf °^ construction, preferably all 

components are manufactured from materi^s 
appropnate for their use within a nudeaTeWR 
Further. ,t will t>e appreciated that various of the conv 
ponents Shown and descnbed herein may be alt^^ 

.n thTf J 'T"'"'"" -"-ntional wisdom 

.n the field and certainly are included within the pre- 
sent ,nvent,on. provided that such variations do nm 
matenally va^. within the spirit and precepts of the 
present invention as described herein. 
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Claims 



IS 



1. In a nuclear reactor facility wherein a nuclear 
reactor pressure vessel (RPV) is housed within 
an annular sealed drywell. an annular sealed wet- 

houses said drywell. a pressure suppress"' 
pool of l,qu.d ,s disposed in said wetweH and is 
connected to said drywell by submerged venl a 

Son 2nd '"""""^ "'y^'" »° eo- 
lation condenser, a bleedline from said isolation 

condenser ,s connected to said pool and termi- 
nates unde, the suriace of said pool, the improTeL 
ment which comprises: 

a liquid reservoir disposed in said drywell 
and a standpipe disposed in said wetwell.^id 

a durt which ,s located below the surface of said 
reservoira distance D. the area of said reservoir 

2. The facility of daim 1 wherein D is 0.4 m. 

3. The facility of claim 1 wherein said liquid com- 
pnses water. 

li! T^'V^ ' ^^^^^'^ « ^et^'-ning wall 

«Tdt:r"^^^"^^«°^-"--o.in 

ISl ' ^^«'«'"93-'nsaid wetwell 

^^IZ^'^^'^^^forn^ative pressuredif- 
ferentials of greater than about 4 kPa. 
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